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A 90-day subchronic inhalation study, EPA Accession No.
254318, completed by Huntingdon Research Centre, England, dated
June 16, 1984, was submitted and reviewed.

Background

Conclusions

Exposure to aerosols of 0.1, 1, or 10 mg/m3 of technical
chlordane for 8 hr/day, 5 days/week for 13 weeks in rats and
cynomolgus monkeys showed effects in thyroids and livers of
both sexes of both species.
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The NOEL for liver and thyroid changes in rats was 0.1 mg/m3
and the LEL was 1.0 mg/m3. The NOEL of 0.1 mg/m3 in monkeys was
based on liver weight changes, while the LEL was 1.0 mg/m3.,

~ NOTE: A NOEL was absent for increased levels of P450
enzymes of the liver and increased serum calcium levels in
rats at 0.1 mg/m3 using a limited number of animals (2). The
study is classified as Core Minimum.

The study DER was previously transmitted in the Chlordane
Standardy vemdev fecc. B 2SYINT, ,
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DATA EVALUATION RECORD

STUDY TYPE: Subchronic inhalation toxicity study in the rat and monkey.

CITATION: Hardy, C.J., et al. "Chlordane: A 90-day inhalation toxicity
study in the rat and monkey." (Unpublished Study No. VCL 28 conducted by
Huntingdon Research Centre for Velsicol Chemical Company; dated June 16,
1984.)

ACCESSION NUMBER: 254318.

+

LABORATORY: Huntingdon Research Centre, Huntingdon, England.

QUALITY ASSURANCE STATEMENT: Present, signed, and dated May 31, 1984.

TEST MATERIAL: Chlordane technical 100% pure, batch B-8113. Supplied as
an amber viscous 1iquid and stored at room temperature.

PROCEDURES:

1. One hundred and sixty-one male and 161 female weanling Wistar rats
were obtained from Charles River, UK. The rats were housed 5 per cage
during an acclimation period. After acclimation, 152 males and 152
females were assigned to 4 groups: the control, mid-dose, and
high-dose contained 35 rats of each sex while the low-dose group
contained 47 rats of each sex. All rats were housed up to 4 per cage
throughout the study. Twelve males and 12 females in the low-dose
group served as a recovery group and were held for 17 days after the
final exposure before being sacrificed. Twenty-eight male and 28
female cynomolgus monkeys were obtained from Shamrock Farms, Limited.
The monkeys were housed singly and, after acclimation, 24 males and 24
females were assigned to 4 groups consisting of 6 male and 6 female
monkeys.

2. Target levels of chlordane exposure were 0, 0.1, 1.0, and 10 mg/m3.
Aerosols of chlordane were generated using stainless steel concentric
jet atomizers heated to 70° C with an airflow of 12.5 LPM at 50 psi.
The aerosol was -passed through .an elutriation column supplied with an
additional airflow of 38 LPM. [This process enhanced the proportion
of chlordane present as a vapor.] The aerosol/vapor mixture entered
the exposure chamber at the inlet duct at the top of the chamber.
Total flow through the chamber was maintained between 1150 and 1300
LPM throughout the exposures. Temperature, humidity, airflow, and
pressure were recorded for each chamber at approximately 30 minute
intervals throughout each exposure period.
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Chlordane concentration in the exposure chambers was determined at
least 3 times during each 8-hour exposure period. Samples were col-
lected using a sintered glass bubbler that contained absolute alcohol
as the trapping agent. Sample flows of 1 or 2 LPM were used to
collect 10 or 100 1liters of test atmosphere. The contents of the
bubbler were transferred quantitatively to a volumetric flask for
analysis by gas chromatography. In addition to chamber concentration,
samples were collected for particle size analysis by a May Multistage
1iquid impinger. For the low-dose chamber, a Royco Model 218 optical
size analyzer was used to determine the particle size distribution in
the test atmosphere.

Exposures were 8 hours/day, 5 days/week for 13 weeks except for the 5
days of exposure on which rats or monkeys were bled. Each chamber was
of stainless steel and glass with a volume of approximately 6 m3.
Rats were exposed in individual cages and the monkeys in cages holding
2 animals.

Rats were provided with a weighed quantity of food (Spratt's Labora-
tory Diet No. 1) amd a weighed quantity of water, and allowed free
access to food and water except during exposure and urine collection.
Each monkey was offered, daily, 200 g of Mazuri primate diet and
tapwater ad libitum except during exposure and urine collection. In
addition, each monkey was provided a slice (34 g) of whole meal bread
and fresh fruit or vegetable produce on week-days. Each monkey was
also provided Vitamin B12 weekly; given an intrapalpebral tuberculine
test at 6 week intervals; and a one-time chest X-ray.

Animals were examined twice daily for clinical signs and mortality.
Body weights were determined weekly. Food consumption was determined -
weekly for each cage of rats and daily for individual monkeys.
Ophthalmology was conducted on 10 male and 10 female rats per group
and each monkey prior to the first exposure and during the last week
of exposure. For 5 male and 5 female rats and all monkeys in each
group, rectal temperature was recorded before exposure and during
weeks 1, 4, and 13 of the study. Pulmonary function studies were
conducted on monkeys only during week 12 of the study. Hematology,
blood chemistry and urinalysis were conducted on 10 male and 10 female
rats and all monkeys per group during weeks 5 and 13. Hematology
determinations included: packed cell volume, hemoglobin, red cell
indices, red cell counts, white cell counts, and platiet counts.
Blood chemistry determinations included: glucose, BUN, protein, SAP,
SGPT, SGOT, creatinine, cholesterol, Na, K, C1, Ca, P, GDH, LDH, and
bilirubin. Urinalysis determinations included: volume, pH, protein,
glucose, ketones, bile pigments, urobilogen, heme pigments, and
microscopic evaluation of the sediments.

An interim sacrifice of 5 male and 5 female rats from each was was
conducted during week 9. All other rats (except recovery animals)
were terminated over a 3 day period during week 14 and all monkeys
were terminated over a 6 day period. Animals were killed by
exsanguination under sodium pentobarbitone anesthesia. A1l rats were
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subjected to a complete necropsy and subjected to a detailed
microscopic examination of approximately 50 organs and tissues. All
monkeys were subjected to a complete necropsy and tissues from the
high dose and control groups were examined microscopically. The
following organs were weighed after dissection of extraneous tissue:
adrenals, brain, heart, kidneys, 1liver, 1lung, ovaries, pituitary,
spleen, testes, thymus (where present), thyroids, and uterus.

5. Analyses of variance was followed by Student's "t" test and Williams
test for body weight, and food consumption. For other parameters,
Bartlett's test was applied to test for heterogeneity of the
variance. If no significant heterogeneity was detected, a one-way
analysis of the variance was conducted using the Kruskal-Wallis method.

RESULTS:

Chamber Analysis: The mean overall analytical concentration of chlordane
in  the  exposure chambers was 0.10 £ 0.025, 0.98 + 0.277, and
9.23 £+ 1.493 mg/m3 for the 69 exposure days.

The particle size distfibution analyses revealed that 82.9 and 91.8% of
the mass of particles were less than 5.5 micrometers for the mid- and
high-dose groups, respectively.

Mortality: One control male rat died under anesthesia prior to bleeding
during week 9 and one mid-dose female rat was sacrificed following blood
collection during week 13 because one eye was damaged during the
collection process. No other animals died on study.

Body Weight: Body weight data at selected intervals are presented in
Table 1. No statistically significant differences were noted for either
sex of either species.

Food Consumption: The male rats from the 0.1 and 1.0 mg/m3 groups
consumed more food (4-9%) than controls throughout the study. No other
differences in food consumption patterns were noted. Food consumption was
not measured for monkeys.

Laboratory Studies: No consistent significant treatment-related differ-
ences in either sex or species were noted in the following data sets:
ophthalmoscopy; pulmonary function; rectal temperature; hematology; blood
chemistry except for calcium, cholesterol, and glutamic dehydrogenase
(GDH) in rats; and urinalysis. The data for blood 1levels of Ca,
cholesterol, GDH, and cytochrome P459 for rats are presented in Table 2.

Organ Weight: 1Individual and ‘group mean absolute organ weight data were
presented for each sex for the rats and for combined sexes for the
monkeys. Selected organ weight data are given in Table 3.

Pathology: Individual pathology data were available for each animal on
study including antimortum, macroscopic, and histopathology findings. The
incidence of selected liver and thyroid lesions is given in Table 4.
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TABLE 4. Incidence of Selected Liver and Thyroid Lesions in Animals
Exposed to Chlordane for 13 Weeks '

Incidence at Week

LIVER THYROID
Hepatocellular
enlargement Increase in height of
Exposure Level or vacuolation Fatty Deposition follicular epithelium
(mg/m3) 9 14 27 9 14 27 9 14 27
Male Rats
0 0/5 0/15 0/9 0/5 4/15 0/9 1/5 0715 0/9
0.1 0/5 0715 0/9 0/5 0/15 0/9 0/5 0/15 0/9
1.0 0/5 5/15% 2/9*% Q/5 0/15 0/9 1/5 1715  0/9
10.0 5/5*% 15/15* 3/9* 0/5 2/15 3/9 3/5 11/15*% 0/9
Female Rats
0 0/5 0/15 0/9 0/5 0/15 0/9 0/5 0/15 0/9
0.1 0/5 0718 1/9 0/5 0/15 0/9 0/5 0/15 0/9
1.0 0/5 5/15* 1/9 0/5 0/15 0/9 0/5 0/15 0/9
10.0 5/75*% 15/15* 2/9 0/5 1715 0/9 0/5 0/15 0/9
Male Monkeys |
0 - 1/6 - - 1/6 - - 0/6 -
0.1 - NEQ - - NE - - NE -
1.0 - NE - - NE - - NE -
10.0 - 0/6 - - 2/6 - - 0/6 -
Female Monkeys
0 - 0/6 - - 3/6 - - 0/6 -
0.1 - NE - - NE - - NE -
1.0 - NE - - NE - - NE -
10.0 - 2/6 - - 3/6 - - 0/6 -

*Significant1y different from control value (p < 0.05).
3NE = Not examined as per protocol.
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DISCUSSION:

According to the report:

Exposure Conditions: The authors noted that the measured exposure
levels of 0.1 +0.025, 0.98 + 0.277, and 9.23 + 1.493 compared
favorably with the target levels of 0.1, 1.0, and 10.0 mg/m3,
respectively. There were 6 major components in chlordane technical.
The contribution of the 6 components varied with the dose level, with
the more volatile components contributing slightly more at the lower
concentration of chlordane. No explanation was given for this
variation other than the possibility that a greater percentage of
vapors may have been trapped at the lower concentration of chlordane.
This same explanation was given for the differences in the percent
respirable particles, 92% and 83%, in the mid- and high-dose chambers,
respectively.

Rats: The authors concluded that no exposure-related effects were
noted for mortality, clinical signs, body weight, food consumption,
ophthalmoscopy, rectal temperature, urinalysis, and hematology. The
effects noted for serum calcium levels, serum cholesterol 1levels,
serum GDH levels, and liver cytochrome Pa50 levels were related to
exposure to chlordane. In addition, microscopic changes were noted
(Table 4) in the liver and thyroids. Based on the liver lesions and
early changes in GDH levels, the NOEL for rats exposed to chlordane
was 0.1 mg/m and the LEL was 1.0 mg/m

Monkeys: According to the authors, there were no findings that were
considered to be exposure-related. The organ weight analyses for
increased thyroid and 1liver weights were skewed toward increasing
exposure; however, none of the values were statistically significant.
Based on these data, the NOEL for monkeys exposed to chlordane was
10.0 mg/m (highest dose tested) and LEL was not established.

According to this review:

Exposure Conditions: Although the mean exposure levels in this study
were close to the target levels, no mention was made regarding the
large standard deviation of the means. State-of-the-art exposure
technology 1is available for producing much better data than those
reported in this study. 1In addition, the variable contribution of the
6 components of chlordane technical dindicates that the technology
utilized in this study was out dated. No data from preliminary
studies were reported to document the stability of chlordane technical
at 70° C and/or the variable contribution from its 6 components.
Furthermore, the particle size analyses did not adequately characterize
the aerosol produced in the chamber. The aerodynamic mass median
diameter and geometric standard deviation could not be calculated
using the methods presented. However, from the analytical data that
were reported, it appears that the animals were exposed to sufficiently
high levels of respirable chlordane technical.
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Rats

The increase 1in 1liver cytochrome Pg59 Tlevels appeared to be
exposure-related. However, since there were only 2 animals in each
analysis group, the results were not statistically significant. The
exposure-related effects were not resolved within 45 days after
exposure to chlordane ceased. Based on dose-related changes in the
liver and thyro1ds, the NOEL for rats exposed to chlordane technical
is 0.1 mg/m3 and the LEL is 1.0 mg/m3.

Monkeys: The wide variation in body weight within each group of
monkeys for both sexes may have precluded achieving statistical
significance in this study. When the organ weight data for monkeys
was subdivided according to sex (Table 5), there was an exposure-
related increase 1in 1liver  weight; an exposure-related decrease in
kidney weight; and an exposure-related increase in thyroid weight for
each sex. The differences were not statistically significant even for
calculated organ-to-body weight or organ-to-brain weight ratios as
shown in Table 6. However, the differences in liver weight appear to
be biologically significant and justify establishing an effect level.
For monkeys exposed to chlordane, the LEL is 10 mg/m and the NOEL
is 1.0 mg/m3.

CONCLUSIONS:

Wistar rats and cynomo]ogus monkeys exposed to aerosol/vapors of O, 0 1,
1.0, or 10.0 mg/m chiordane technical 8 hrs/day, 5 days/week for 13
weeks showed exposure-related effects in the liver and thyroids of both
sexes of each species. The overall NOEL for rats, based,liver and thyroid
data, and for monkeys, based of liver weight data, is/0.1 mg/m3 and the
LEL is 1.0 mg/m3 o~

CLASSIFICATION: Core Guideline.

10



TABLE 5. Weight Data For Monkeys Exposed to Chlordane for 13 Weeks

Mean Body ’ Mean Absolute Organ Weight (g £S.D.)
Exposure Level Weight .
(mg/m3) (g £S.D.) Brain Liver Kidneys Thyroids Adrenals
Males?
0 24831536 63.616.3 69.3%16.2 11.0%3.7 0.30+0.067 0.49:0.11
0.1 26631521 62.2%3.9 63.6 7.6 11.7+1.2 0.2410.034 0.42:0.1
1.0 24881527 63.1%4.8 70.8%£13.3 10.4x2.7 0.34+0.13 0.43:0.074
10.0 2463%474 63.917.0 71.5% 9.2 10.0%1.8 0.35+0.11 0.49+0.10
Females?
0 2425+301 59.8+3.4 62.8+8.3 10.5+£0.97 0.29+0.064 0.44+0.033
0.1 2371£179 56.5%4.5 62.746.7 8.9%1.2 0.40%0.13 0.50:0.14
1.0 25001241 57.6x4.4 62.4%9.3 9.4%1.5 0.34:0.13 0.52:0.14
3 68.6%6.0 9.9%1.9 0.4510.24 0.53%0.079

10.0 23504280 54.3%2.

2 six animals per exposure group.

11
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TABLE 4. Incidence of Selected Liver and.Thyroid Lesions in Animals
Exposed to Chlordane for 13 Weeks

Incidence at Week

LIVER THYROID
Hepatocellular '
enlargement Increase in height of
Exposure Level or _vacuolation _Fatty Deposition follicular epithelium
(mg/m3) g 14 21 9 14 21 9 14 21
Male Rats ,
0 0/5 d/15 0/9 0/5 4/15 0/9 175 0/15 0/9
0.1 0/5 0715  0/9 0/5 0/15 0/9 0/5 0715 0/9
1.0 0/5 5/15%. 2/9*° 0/5 0/15 0/9 1/5 1715, 0/9
10.0 '5/5% 15/18* 3/9* 0/5 2/15 3/9 (”"3/§?7 “11/15%  0/9

Female Rats

0/5 0/15 0/9 0/5 0/15- 0/9  0/5 0/15 0/9

0
0.1 0/5 0/15 1/9 0/5 0/15 0/9 0/5 0/15 0/9
1.0 0/5 §/15*% 1/9 0/5 0/15 0/9 0/5 0/15 0/9
10.0 5/5* 15/15* 2/9 ) 0/5 1715~ 0/9 0/5 0/15 0/9
Male Monkeys
0 - /6 - - 176 - - 0/6 -
0.1 - NEQ - NE o= - NE -
1.0 - NE - - NE - -. NE -
10.0 - 0/6 - 2/6 - 0/6 -
Female Monkeys
0 - 0/6 - - 3/6 - - 0/6 -
0.1 - NE - - NE - - NE -
1.0 - NE - - NE - - NE -
10.0 - 2/6 — - - 3/6 - - 0/6 -

S1gn1f1cant1y different from control value (p < O. 05)
ANE = Not examined as per protocol.
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Rats : A 00633]

The increase 1in 1liver cytochrome Pgsg levels appeared to be
exposure-related. However, since there were only 2 animals in each
analysis group, the results were not statistically significant. The
exposure-related effects were- not resolved within 45 days after
exposure to chlordane ceased. Based on dose-related changes in the
Tiver and thyroids, the NOEL for rats exposed to chlordane technical
is 0.1 mg/m3 and the LEL is 1.0.mg/m3.

Monkeys: The wide variation in body weight within each group of
monkeys for both sexes may have precluded achieving statistical
significance in this study. When the organ weight data for monkeys
was subdivided "according to sex (Table 5), there was an exposure-
related increase in 1liver weight; an exposure-related decrease in
kidney weight; and an exposure-related increase in thyroid weight for
each sex. The differences were not statistically significant even for
calculated organ-to-body weight. or organ-to-brain weight ratios as
shown in Table 6. However, the differences in liver weight appear to
be biologically significant and Justify establishing an effect level.
For monkeys exposed to chlordanhe, the LEL is 10 mg/m3 and the NOEL
is 1.0 mg/m3.

CONCLUSIONS:

Wistar rats and cynomologus monkeys exposed to aerosol/vapors of 0, 0.1,
1.0, or 10.0 mg/m3 chlordane technical 8 hrs/day, 5 days/week for 13
weeks showed exposure-related effects in the liver and thyroids of both
sexes of each species. The overall NOEL for rats, baseq/iﬁver and thyroid
data, and for monkeys, based of liver weight data, is 0.1 mg/m3 and the
LEL is 1.0 mg/m3.
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